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TII2 SAHDKN CITY PROJECT 

The Heolamation Project known as the Garden City Projedt 
is so called for the reason that the land to be supplied 
with water for irrigation purposes lies adjacent to Garden 
City, Kansas, and for the further reason that this town is 

r 

the only place of any pize nee r the location of the Project 
proper. The plant supplying the v/ater is located at 

Deerfiel^, fourteen miles west of Garclen City, on the line 
of The Atchison, Topeka h Cant a Fe Railroad. (Plate l) 

Garden City is v/ell within that portion of the west, 
where a rainfall sufficient for raising crops, oan^^ot "be 
d^cf^rjclo'^ upon. Tv;enty years ago thi? countrj^ was even more 
settled than it vas up to a few years ago. Successive 
seasons of drCMght following the first years of prosperitj?^ 
depreciated the value of the If^nd, and inany settlers moved 
av.ay. Then ditches were clug, hy v/hich to take water from 

the Arkansas River. ?>ut the river supply is not to be 

depended u^on, either. At the time the vater from the 
river is needed, the river supply comes mainly from n.^elt- 
ing snov.s in the Colorado mountains, and a mild season 
in Colorado ov an earljr thaw, might either result in little 
v.ater corning dov/n or in early freshets coming wlnen the 
fields v/ere not prerared to receive the v;pter. Moreover 



there are numerous large ditches drawing ..ater from the 
river, further up streaqi, and there are several large 
reservoirs in which the river water is impounded. Thus 
the river supply is not to he fully relied upon though some 
water may always he counted upon. 

There is a source of v/ater supply in the Arkansas Val- 
ley, which is being put to more use every successive season. 
The underground water stands on the average at ahout six feet 
helow the surface of the ground in the valley. This supply 
ir. fed mainly hy the ralnfatll ;vhioh f^lla on the sand hills 
to the south of fhe river, and it is in movement in the 
general direction of the river at ahout eight feet per day. 
It is from this underground flov/ that the -^rarrien City 
Project is to derive its v.ater, the plant heing designed 
to pu2::p up this water when the rainfall has not heen suffi- 
cient, and v/hen the river will not fill the ditch ^nto v^hTch 
the plant is to deliver the w^* ter pumped. 

The ground itself is very good. Llost excellent crops 
ofl alfalfa, wheat, cane and kaf fir corn may he grown. Put 
hy far the most payinp- thinp: to raise is the sugar heot. 
The ground is very level in this region, and it has a slope 
which permits of easy irri^tion. IJoreovor, FU2;wAr h'^^t?, 
to he raised to great advantage, sho^xLd he groY;n in a ooun-- 

try which is irrigated amrl which has periods when no rain 
falls. This region, if water can he depended on for ir- 

rigation, will ^-reatlv increase ir value and will ho ideal 
for the rai^'ir-? nf sv.^ar hneti-5. 



LaFt ZTestll a sugar "b^-^et Tactcry va^B 'completed at Gar- 
den City, which Is this year to "be enlarged by the instal- 
lation of r:iore maohineiy in the present "building so that 
its daily oapaoity will "be twelve hundred tons of hoots. 
The company building the factory has acquired an enorr.ous 
acreage^ some thirty thousand acres, together with the 
control of thr^e ditches, two being on the north side of 
the Arkansas P.iver and one on the south side. The com- 

pany's land is soat-f-ored for twenty miles or more up the 
Arks lira s Yalley ancl is 8ll. located ^i as to be "under ditch- 
es''. These ditches take v/ater fron the Arkansas River 
at a pojnt about thirty riiles above Garden City. 

Reali55inp: that the river is not to be depended 
Ui.on it v.as necessarj^ for the beet corr.pany either to store 
up the v.'!?to'»" of th^ freshets or the winter \vater, or else 
to ^n^T) up the water fro^n the nnderfround flow. I natural 
depression v;p s dip-covered about threo njles north v;est of 
L'eerfield and near two of the companv'^ ditches. This 
doprG^<^icr! hx.s be^-^n converted by the construction of an 
earthen dam into an im.:.ense reservoir, which is expected 
to impound v/ater capable of irrigating fifty thousand acres. 
This reservoir \vlll supply the two ditches on the north 
pide of the river. For the ditch on the south side it 






is proposed to install a series of plants to immp n;^ 
i:r:de-^-^-n-.ir d flc\v. Thus, ^vith -^h^ Garden City Project 

supplri-ng the fourth ditch, oonBldereble of the ground 
can be watered, cropp will he apriurod, and the land will 



greatly increase in value. 

Before the Project wae begun v;e find e country cap- 
able of deyelopment, "but lackimg rater. V.e now find the 
tv/o methods of f=;ur.ilyir^g water about to be put into oper- 
ation; a reservoir as against a large plant for pumping 
up the underflow. The land is being put under ditches 
and there is in operation on the spot a factory to use the 
most profitable crop which may be grown in the region, 
namely, the sugar beet. 

The i.":veBtir;ation carried on by the Reclamation Cer- 
vice cHTnpjgted mainly of the nenes^*ery test wells to de- 
terhiine the auiount of ground water that might be recover- 
ed, and also to fix the best location for the wells. The 
location of the wells fixed the location of the Troject, 
the pr^'per location of the i':ower house rjnd the location 
of the old irrigatir^ (3 itch, Toiown as the Farmers' Ditch, 
which is. to receive the water pumped being considered when 
the most advantageous location for the v/ells was decirled 
upon. Further, a form of strainer v.as selected after 

considerable experimental testing, which would give the 
p:reatest amount of wR.ter, the size of the well and the mat- 
erial penetrated "beinr conoi ri°-^°d. 

^s a reBitlt of the investigations, it v.?? decided j?o 

install twenty three sotp of v.ells, with a ruinp for eaoh 
set, thirteen well stations "being on the south side and 
ten on the north side of the Arkanpa;- ::iver. Each set of 



well? consists of nino shallow wells frorr. forty to sixty 
foot doop, and one deep ?;ell t ?■ rock, exoei:t that at the 
initial station there is to he one lc;rgo well consisting of 
a concrete cylin'^er t;.'elve faot in diameter inside anl ahoiit 
forty feet deer, the sides heinn; perforated with nuineroue 
conical holes to r^dniit the water. The well stations are 

spaced at intervals of one thousand feet and three v,ell 
stations will empty directly into the Jariaers' Ditch. The 
other well stations will discharge into a concrete conduit 
approximately twenty thour.and feet long. The conduit in- 

creases in size from a square "box conduit of 2.7 s^,* ft. 
crosp section, to a trapazoidal conduit 4.8 ft. wide at the 
"bottom an'?, of E2.9 sq. f t • cropr section. The water is 

carried from the south to the north side of the river, hy 
means of a wooden stave pipe huried underneath the river 
bottom. The conduit discliarges into the Farmers' Ditch 

which carries the Vvater for some fourte-^n miles where it is 
distributed over the uplands north of Garden City. 

Prior to the be^-ilnin£ of the Project, an Asr-ocJation 
of Farmers controllina* the Farmers' Pitch formed the V.ater 
Users' Aspociation, an? made contracts v/ith the United States 
for the necessary v;nter to irri.^-^ate 8,600 aores at a fixed 
r'tto sn3 for a certain length of time. ^t the end of the 

period the accumulated chatges for water will re-im.burse the 
Government for the cost of tho Project, whereupon the plant 
will become the property of the ^ater Users' Association. 
The wells are expected to supply 150 second feet, and 



to maintain this srapply for 150 day^ if necessary. It is 
expeoted that the plant will he erpahle of Piipplying enough 
water to irrigate twice the anonnt contracted for, or in all 
some 17, QUO aorep. 
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COIIDITIOITC .j£T 7.ITH 

Euiiiirs coiioTnucTio:! of thojest 

Bids were invited on this? work to te opened July Gth, 
Eurfioient tino for the r^-alcirjg of an intelligent tid had not 
"been given; consequently no acceptable hid was received, and 
it wup ordered that bids he aslced for again on Eepteraher 
28th, 1906. Again no satisfactory hids were received. 

Thereupon it w§s ordered that the worlr he done "by "Force 
Account ''. 

There are several reasons in the v/riter's opinion, why 
no bids were received, and why no great attention even was 
paid to the worV by contractors. Th^ chief reason is that 

this job was just a little too lc.rge for a small contractor, 
and it was too small for a large coitractor; therefore, nei- 
ther kind would touch the v;ork under contract. Again, the 
Specification contains many conditions to fulfill which Vi'ould 
be practically imj'Ossible if they were to be rigidly adhered 
to. As an instance, the specification concerning the steol 

read as follows; "A variation in cross section of r.ore than 
£.5.1^ from tlitit specified will be conridered sufficient cause 
for rejection". The material men flatly refused to quote 

under this specification. The Specification contained 
several such coints v.hich will be brought up as each is 
reachf=^d, and it will be shown that in doing its own work. 
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the GovorfiTTieiit did not handicap itself as it w mid inor.t cer- 
tainly have handicapped a contractor had he been co:n:^elled 
to follow the conditions of his contract. 

In iriaking himself acqut^inted with the work when expect- 
ing to hid on it, fhp writer "became acquainted witli the 
Zn,lneers in charge of the Project, and he was eventually 
contracted for to superintend the construction of the Project 
(except the sinking of the wells v.hich was let "by contract) 
anri to furnish his outfit, forenan, and a numher of his own 
work:::en. 

The conditions found in this locali'fy aff footed the 
work in no small raeamire. There is hut one railroad, the 

A. T. & S. F. , which seor.ed incapable of handling its business 
Cars containing live stock were over four days in coming 
from l^Iansap City, a distance of about 500 miles, anri reg- 
ular freis^^it v;ould be weeks on tie road. The construc- 
tion of the power houre was delaye"! for several months un- 
til enough brick had f-vvivod with *hich to make 5i start. 
For several months there v. as no Agent at Deer field, and when- 
ever a car wa-s put on the siding the writer used to break the 
seal to seo if it contained anything for the Project, It 
was found that the only dependable way to get an order wps 
to hfive the go Dds expresj?9d. This proved costly, v^hen such 
articles as an orange-peel bucket and other heavy pieces of 
mac>»irery hcifl to be shi:^ od in in this way. 

For repairs or su- plios, there wa?^ no near depot. At 
Garden City there was no iron for blacksmith repj-ilr? to be 



had, even fron limlc dG--.lers. 



We used to visit the sorap 



heap? at the railroad Rer^tlon houses for several stations 
ahove an^^ helow Ceerfield. Tho nearest machine shop is 
150 >nilef^ away, except that, at the "beet factory the company 
maintains a first clas.^^ little re^rair shop for its own use. 
If it had not heen for the kindness of the of ricials of this 
coinpany our work woulcl oertainlyhave had to stop :::any times. 
For instance, the pistonp of the pumps used in jetting, "broke 
freqn<ontly; we always sucoeedod in turning others out at 



the fact on' within twelve hours. 



'^e used nearly 2,000 lbs 



of iron from a pile of od^is and ends at th'^ factory, and to 
c?.p the climax, they dismounted a »^olas5^es pump v;hich they 
loaned us to couple on to the jetting line so as to provide 
more v»ater for driving the piles. The presence of this 
heet f^<?tory certainly saved the G^overnment hunr?reds of 
dollars. 

The V either vvas re!*iar>[a.l)le. TTot tv/enty days v;ere lost 
through the whole winter. Usually two days at a time v.^uld 
he the length of a bed spell. V/e had no rsin of conse- 
quence until :«lay. For some ten days in J- nuary the ground 
froze too hard for the plows to "break and wheol scraper work 
harl to to suspense I, but th^ ditch work was continued. In 



:.arch, on the 19th, it was as hot as 92 de^;rees. 



We were 



bothered rest by terri.'^ic hot windr -vnieh carried sand and 



Tiiad* it very unpleasant to v;ork. 



But on the v/holo the 



v/inter r?.^ exceodinrly favorable and I am told vt-s v-^-ry ex- 
ceptional for this ooi^ntry. 
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If it had been easier to get Fhipments of material and 

tools, and if there had been sui^i^ly houses within reasonable 
reach, the work woiJlfl have been oonpleted in fxt least six 
weeks' less tirrie, snd at a great savin^r of money and effort. 
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0? THE ;vo?.K 0? C0::CT2UGTI0II 

The chief authority en the work v/as verted in the Project 
Sntjineer, who had to as^pist him an Engineoring Aid of three 
years' service and one just aoiointed to the Service; the 
writer v/ho was In immediate charge of the conpt ruction; a 
time keeper; a store house keeper; a hoolreeper and a steno- 
grapher. The fln?nolal iriatters were in charge of a Special 
Disbursing Ofi'icer, 

In coet ke-Boing tho basis was the daily timo sheet, a 
form proposed by the v/riter. The foreman stated the nL\ir.e 
of the worki'i^m, the hours worked, and made a distribution 
of the workman's time down to i^ half hour showing whatever 
various sections of the work the iian was engi^ged on. Every 
man not on the of. ["ice force api^eared on the daily ti^no re- 
i^ort. It v.as the bocl^eorer's work to figure up the cost 

of the various tiire it^n'R no -»,orrling to a rchedule of divisions 
required by the V.ashington office. 

j:?.terial and equirnrient were drav;n from th-*^ r^tore house . 
en triplica.te rs'iuisiti ons ui"^on a forr:: sent out froin the 
V.ashington Office. Each re.iuisition stated the feature 

of the I'roject for which the material or equip... ent vvac de- 
sired. 

A piece of oquip:/iOnt was put into stock and wan charged 
to a feature by the first rci.iaisition ta':ir.g it out of stock; 
and on itt-^ return to the storehjuse the feature \.ap crerlited 
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by the aniount previously detit^d* OlDviously puoh a prooedure 
Vvoulrl not .^ive a correct charge, if a fino de^^reo of cost 
keeping vvero oxfooted. T^ke an exsi^iple I have in raind, A 
pair of pipe tongs purchased for perr.anent equip^-'-^ent, to he 
us^d 0-^ t>»e plant after oonrtruotion v.ap corrnleted, v/as charg- 
ed on a feature for its full value the first time it was tak- 
en out of the Ftorchouse. If the tool was lost the charge 
would have stood, '..'hen the tool v/as returned, the charge 
v.T-r canceled an5 charged again when next taken out. Some 
charge ought to have heon mr^de p.p:£inst each feature the tool 
v/as used on. In the writer's (?p1nion, the proper thing to 
do in such a case v;ould he to add up the total cost of equip- 
iiient ured in this vay and to apportion this cost ai::ong the 
features the tool? wei^o used on in the ratio of the valuation 
of the sum of the cost of the lahor and material of the various 
features. Of course equir;::ent purchased and used for a 
Sj.ocial feature shouj ("i "be charged to tr.at foature, as for ex- 
aniple the puiips and toiler used at the river crosr^lng . The 
fact reriiitins in the v/riter's opinion, that the pr'^iseiit Oovorn-^ 
*'nyt !::et''':'Od oT keepd-ig cost is not *^s correct r-s it should he 
for the oxpense incu^^-'^id. 

In irj pret^entation of thn cost I hcwe not fcllov.ed the 
divisions as cal"! ed ^or hy the "'.eparti.-cntal 'v^hodule, tut have 
tried to c^rrive very closely at v;::at each se. nrc^tc step of a 
feature cost. Jn tne Crovorn'-ont ' s division, earthwork per 

yard ir. arrived at Ly divic"^.':rig the tot^il r/.vnhe r of 2'^rds into 
the totsl cost .although i.:\Tt of the earthwork v/as put up hy 
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slips in a fill threo fo.^t high c.nd i?art ty wheolers in a 

fill eight feet high. ^1^-ain, in figuting the cost of con- 

crete, rr^ •'livisio'n y:U9 f^^^di^ hetvo^r. hand inixi^g and 2'i^?chine 
mitring, nor Vvar. any ffivi:^ion made "because of the shape in 
v/hich the concrete v/as for:.:nd. Tne Govem-:ient v/ill knov; 

what the average cost of concrete was cer yard hut the re- 
sult will be of no use in estiineting v;hat concrete v/ould cort 
per yard of a certain shape similar to a certain portion of 
tho concrete on this work. 

The extended nature of the v/oric made it necesscjrv to have 
several Canps, th:) locations of which are shown on the aocoT.- 
panying dravn* ngs, (i'lates 2, 3) The rr^ajority of the men were 
housed at Canp 2, where there were two hun^^ houses and a din- 
ing house. The houses were /riade of 12'' hoards, dressed 
on one side, the sides end roofs being tar-papered i^nJ batten- 
ed. In builJing the houses cure was taken to choose dirien- 
sibns v;hich would kero the l-unhor in si7.es suitable for OTlI- 
v.?.ge. The rise in the prices of luinuer :rxLde it posriole to 
recover r.early all the original cost of the !:aterial. 

The fixed price for board on all Goverr^-:ont worl: (250' 
per r.eal) 2iade it ^Ov^-.^iblo to furnish e-^':^.ellent bov.rd at u 
sufficient sj^vIt'^^ tr, i.e.r for the ori^in^l cost of the carp 

houses. 

I'ii'-i -".en '.vno did the etirth^-. or.c orx the north side, the 
rivor croFsin^, and the -^ork -it the power houpe, lived at 
CaL.p 2. Ihe men who put in the e •■-• nV-nnr.t on the Fouth ride, 
the Fouth slio conduft •.;■: the north FAde Gon^".:t, lived r' 
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Camp 3. When the north, side conduit v.ai": "built vvo could 

not ahandon Cainp 3, "because v/e had to hs^ve it later on; so we 
had the tes^nster who hauled oei;ient take the men over c;na "back 
iiiorriin^-j and ni£:ht,jnd also take them to dinner^at practically 
no ad;]itionGl expfmse for the work. 

Each camp v.as in charge of a foreman v/ho sav. to ke oping 
the ijrer'.ises olea^ied up; saw to it that the "bunk houses v;ere 
cleaned periodically; adjusted disputes with the cooks; and 
kept v.atch againrt gambling and the "bringin,^/ in of liquor, 
V. e did not have a single fight, and discharged only one man 
for UFir.g liquor. 

As shown on the drawing for Gamp 1, a side track v,as 
"built to • the location of the power house by the aovem ^e'-^t . 
A long store houpe, 100 ft. >: SO ft. housed most of the mat- 
erial. Tv.o smaller "buildings were us^d, one in which 
to store cement and the other to rivet well casing in and as 
a carpenter shop. Thes'^ two buildings wer^ located so that 
the cars coulcl he di recti v unlc^dr.a Into them. The "black- 
smith shop wap located for a ti/^.e in the workhouse, end lat- 
er r^'oved into a separate hullrling as shown. The siding and 
arrangement of the storehoupop. rude the receiving of the mat- 
erial coFiparatively easy and economical. 
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Plate IV 
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POWER HOUSE 

SHOWIHS WAII, EOUHEATIOIS 

TaEBIM FGUHDATIOHS 

MOOHIED BOIIEBS 



POE'ER HOUSE, HEiSIHG OOiiPLETIOIl 



BIG WELL 
IH COURSE OF COHSTRaOTIOa 
SHOWWa STEEL PORit — AM) 
BERRIOK FOB OPEEATISG THE 
ORAHOE PEEL BUCKET, CAMP 
HO. 2, IH BACKGKOUMD 



PLATE VI 
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(IV) 

following Is a lipt of the variouB features of the Troj- 
eot the oonstruotion of whioh will he desorihed. 



-r~} * T-v i"nT 



' ,^"::?v. 



1^0 rth Conduit E^hcir.Viient 
South Conduit Kiritiiixlvuent 
Excavation for Closed Conduit. 
COliCRiiTE :;udll : 

i'armers' Litoh Lining 

Open Conduit -- Lining of Concrete 

in Korth and South Einhanknients 

Closed Conduit 
V;C0IJ£J LTAYE 21221: 

rilnn^ 

LxcCYation 

Concrete Penstock 

'.Vooden Stave lipe 

Eosidep the ahove devscrihed work the writer had charge 
of the construction of the concrete foundations and ir'aohine 
and hoiler r^ettings for the pov/er houpe, photograiphs of v/hioh 
are shown; also of the foundationvS, v;alls, and roofs of tlie 
purnp house?; also of the so-called Big V.'ell intonv'led to sup- 
ply the coiidenser v/ater for the turhines installed in the 
power house. In the af^regate this a\iOuntGl to coneider- 

ahle v/ork, hut considered separately, tho writer does not 
consider ariy special skill or thought v.as required in their 
construction and for this rearon their description is not 
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included. FAP.Tli V.jR:: 

ITorth Conduit Kinbanfeent 

Tho llorth Conduit J>1.^c.n':nnent runs over the river "bottom 
from the Horth Tenstook to the Farmers' Ditch, a distance of 
7,000 ft. Ihe ground was covered "by very tough sod of "buf- 

falo rrasB. iDelow v;hlch vvas about two feet of poil and then 
sand. V.ater stood at i^hout thr^e ff^et below the surface, 

which neceptritatod rather wide borrow ;jitF '-nl v/af-- a consider- 
able factor in the yardage cost. The soil was very hard, 
n^cesr^itati^k' four horses to plow with. 

The sod fron: the location of the fill and from the borrow 
pits v/as first reiTioved to the sides, no rod being built into 
the ernbanlcrnents. Ih^ borroTir y^its were built so as to give 

a five foot berm on the south side of the fill, while on the 
north side a space of twenty feot was left on which to pile 
the ag^:,re5:ato sn^l use the mixer in putting in th^i cor*crete 
lining. 

As indicated by tho acco/panring drawing (Plate Vll) the 
earth wjl^ i^v.t up in two rlc^ge^ v/hich were built sufficiently 
large so that after psottl^rnent when the excavation was mnde. 
to the si'^p cf the conduit, the digging would be entirely 
in settled dirt. The walls of the conduit are on a '. to 

1 slope. lirt cannot be put up by slips on such t? ste-^p 
slope, consequently irore dirt v;as actually put up than the 
cross section require^ for the reason above stated. The 
L'orth Conduit ErnbanVnent war put up entirely by sli;' scrapers. 
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Plate VII 
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To settle the fill we ^^lOunted a six inch oentrifugal 

pump on the "bank of thvo river near the Penstoek ancl discharg- 
ed into the upper end of the not oh "between the enhanknients. 
As the 'vvutor filled up at the lov/nr '^nd, v/e huilt damr across 
the ditch r.v.^ h^ hroVln^^^; the water up raised it until the 
ditch was fall. The punp vvas run day and night and was 

continued in operation until soopage shov/ed along the sij^.es 

of the fill. 

The accompanying diagrams (Plates Yll & VllI)show the variou 

steps in the process of shapi^p the enhance nts to receive 
the concrete lining. V/o had frrafle stakes fifty feot apart, 

and fifteen feet off center. Center stakes were set in 

with a Hand level one foot above grade; fron thopp side stakes 
were set, from, v;hich lines w^f^re stretched so that a slot 
raight "be dug the *'out-to-out'' width of th^ concrete hot'' om. 
The hottorr: h-'^inr roughed between the fifty foot stakes, a 
line was stretched taut from stake to stake and intermediate 
grade stake? were set ten feet apart which had on them a 
vertical line showing the center line of the conduit. This 
operation of laying out the work required only two laborors 
whope intelljg-ence had to be relied upon, namely the tv/o who 
set the stakes. The next operation was the dirriniT out of 

the side v/allv^ opposite the stakes set ten feet apart. To 

get the crosF^ section acc-^urately, the two iTien Y^^hn blocked 
these cuts out each had a forn nade of 2 x 4's with a center 
line on the bottom crosr. piece. Ey bringing this line on 

the form over t/ie line on the stake, he coulrl get his crosr 



VIEl. BOVra OrEN GOSEniT, SHOBISG 
SLOPES TO FINISHED EMBAalCiESTR 
PUHP HOOSE FOUroiTIOB TO LEFT 
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section exactly, and without "beancr ^i^io to ii.ake an error. 



From there v^ide slots dug out to section, as guides, it was 
easy to get a uniform ditch. Tv/o men tamped the side walls 
and "bottom continuously. The cost for thac eKoavation 

IP fi^nired per foot of conduit. This is the proper way, in 
the writer's ojin'on, to consider this cost as it is impos- 
sihle to ac.urately estimate the yardage removed from a 
ditch of this kind, except at a very oonsiderahle cost, 
lloreover, a careful excavation as this was should not,, in the 

writer's opinion, be figured hy the yard as the Government 

« 

figures it; it was not even com on shovel v/ork and its cost 
should not he adcled into the cort of the slip scraper v/ork 
to get the cost per y^^rd of ernhnnkment. It should rather 
"be figured hy the foot of conduit and the price made a portion 
of the per foot price of the completed conduit. 

After the conduit lining was completed, the top of the 
emtanknaent was leveled off, low spots in the top and sides 
heing filled in hy one horse slips since the top width of 
4 ft. was too narro^'V for a team. The outside edge ;vas 

struck to a line, the men simply sliding the dirt off with 
sqtuare shovels. This finishing went along very rapidly. 

South Conduit Emoantar.ont 

The South Conduit inhankment crosses the river bottoms 

stretching fro.; the South Penstock to the uplands at the 

foot of the sand hills, a distance of 4,200 ft. The head 

necesrary to sustain the propor flow of water through the 
wooden stave pipe 7/"hich stretches from the south to the north 
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oonjuit, mado it noceBpary to elevate the south ccii''iiit. 
.Moreover, the river bottom on this sid^ lrr.9 'bo'^n known to "be 
covered h;/ flo-^d v/ater. Consequently it war decided to 

build a v-^^ry substantial bank. As shov/n by the drawing 
(Plate X ) this embankment has an eight foot top in place of 
the four foot top u?ed on the north side. The side slopes 
as shown Lire en a 2 to 1 slope. 

The ground on the south side of the river has less of 
a dirt covering than thnt on tho north side. We had about 
three feot of dirt to v/ater. This required borrow pits, 

125 ft. Yvide, the dirt being borrovved fro.^. the east side of 
th»^ embanlc'i-^nt only, so that, if the river did overflow its 
banks there ^/rould be no barrov/ ^rit?? on the up-streav: Bi>1e of 
the eiribank:nent to poour out. I.lost of tho south side era- 
bankhient is coarse sand. The location of the embi^nkinent 
v;av^ not stripped of sod, as the bank v;as so high; the bor- 
row pits were stripped, however. 

The bottom two to three feet of the filT were put ' in 
v/ith slipr. As a rule, .vo icv^d th-: ciirt fro^'i the thirty 

foot strip nearest the fill with slips; the balance we put in 
by wheel scraper. 1 rou.ncl it aliiost irnpor rible to got the 

:nen to build their lines straight; so I hit upon the exped- 
ient of h.^'Ving a furrow turned on each ^ido to r-ark the width 
of the bottom of the fill. This scher.e worked very w^ell. 

The wheeler runs were 400 feet, six v/he "^lerr being in one ?ot 
v;e used ITo. 3 whe^lerp, tw-) horses to a wheoler, two horses 
for a''snap''te>ir']; two r.en loading and two nen da::ring. '..hen 
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this work v;as going on in Deoein'ber rjid January, the frosty 



nights used to harden the ground, v/hich necessitated four 
horsep on the plov/, an3 "by ir.ter fering v/ith the loading of 
the wheelers, tended to conriderahly inoreare the cost. Shil- 
ling the runways v;as very expensive. There v;as hardly 
enough dirt available 6own to water so that v/e hc^ to make 
lon.e; hauls, in places of a thousand feet, to get the dirt 
necessary to fill the runways. 

The hest v/^-y to settle f^e fill seamed to "be by flood- 
ing it. Holes v/ere scooped in the b.orrow pits to collect 
water, and a l^' ^^- -^ • » Fairbanks-! orse Gas Sngine v,3.s belted 
to a 2" Bulldozer -Ui:jp, by which 150 ft. sections of tho fill 
were v/atored. The purnpin'.r ^lar kept nri rl-v .n.n ^^l rnr'-ht vp-- 
til the w::,ter stood over the whole top of the section of 
the fill; little embanl^.ients v/ere thrown up a3onr the edge of 
the top to retain t/ie water. 

Before the work could be finished, however, the iu^:p 
hrd to be returned. I got a 3'' centrifugal pur:p, belted 

it to a 4 H. r. Baker Jus ^^ngine t-nd. pivripod fro::: a 1^-" well 
strainer driven ten feot in the borrow pit. An ejght inch 
fe^^der v/ent about 4 ft. b-^low the bottom of the 15'* strainer. 
This one v/ell v/as ablo to su:-::ort trie three inch purip run- 
nir.g day and nirht. ffro:-i that one set-up we r^n ti:e Vvater 

to the end of the fill, a distance of 3.400 ft., and when the 
lov/er end of the fill h.'^d be -n settled, >"'=» tiir^^^d the water 
l?!tn the portion alroa'\y settled e.r.d filled the ei:.banl-:ment 
from end to end. -'Periodically, we brought the pur.p bad: 
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and wtitered the fill gs the banks worked much "better when 



damp . 

T>-e 9jre method of ^icVin,^ ty^ ?rCc.ration f')r th^ concrete 
lir:i^{; v/up followed on the south side as on the north side. 
The sand did not vork so well^ and as soon as the dirt ^'/as 
thrown out of the ditoh it had to be thrcwn over the bank so 
that the weif^iht would be taken fro:.- the edges of the excava- 
tion. The bottoia and sider. of the excavation were contin- 
ually tamped, as the (M^oro'iri- proct^eded, two men being suf- 
ficient for this work. The prixje listed for the excavation 
in this case carries with it the cost of finishing the grade. 

Excavation for Closed Conduit 

The Closed Conduit 7.xcavation was done as ffe»r as po?rible 
with slip scrapers. Two guiding farrows W'^;re made and the 
dirt between scraped out to one side. This method proved 
to be a very costly one, due principally to the fact that 
the plowing was so expensive. It took six horses to cut 
the hard ground r.et with in this ditch. At the tir/ie the 
work v;as done we wore rhort of single hands and considered 
it advantageous to continue with this method even though it 
was expensive. 

In finishing the sides and bottom ; aioh the same plan was 
followed as in the open conduit ditch, except that no form 
was used for a guide. Grade stakes w^ere set to the invert, 
a center mark set on them, and the botton was dug to grade 
by setting a pien^ th^ thickness of the concrete bottom so 
that the center of the piece met the top and center lino of 
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the stake. The sides were dug; out^of courf*e^to clear the 
ends of the pjeo^, v/hi ?h operation gave the lines for trim- 
rr.ing the sides. 



S2 






The -Coi'.ent 
The cei:ient used was "Sunflower" Brand, made "by The Kansas 

lortland Cenent Gonpany's factories at lola, ^lansas. The 
cei'ient worked very well. The price at which the cement was 
supplied vras ^'1,53, ?. J. 3,, factor^''. A Govern^'ient Inspec- 

tor exnrined each shiv-ent as it war loaded, and made tests 
on thf> spot. An averajje of the Tna.ny tests niado , follows: 



Boilir£- Test 



V 






AJi^ .»-i tW *<^ • 



Par-'Pi>i- flOO Sieve 93. a^^^ 

#200 " 76.5:2 

Initial 3 hr. 22 lain. 

Final 7 hr . 06 ::diu 

TiillSILii STUZITGIil (in IIds. per s^. inch) 

lieet 

i Day 3«0 Ibp. 

7 TayR ?89 " 

28 Days 1043 " 

3 Parts Sand to 1 Part Ce.nent; 

7 Days 899 Its. 

23 Days 451 " 

The A^- regate 
^uch (lifrioiilty was ex^p'^rienced in fin'inj; £;ravel with 
sufficient rock content within a reasonable distance of the 
work. Three location;-- were found, the locatio- - " th". tv.o 

iniportant onor "being Phown on the drawing (l^l-i- JV) . 



33 
The gravel frorn'tlie B^^t Co^^^ra"^y's pit '''ub found in s. rhallov; 

Ir.y^r vrith iitout a foot of covering. That froin Herst^s pit 

was found in a sort of v^ourid or foclcet and v^as of a n.ost ex- 
cellent grade. Oiio portion of the deposit v/as exceedingly 
stony, , vnieh we used to mix with that obtained, frorn the hoot 
pit, and in this way 'rn werp ahle to get a fair grade of cg- 
p-regate. 7:e also obtained screened gravel fro.: Sherlock, .a 
siding about seven Tniles east of r^erfi^l'^ on the i\. T. x 
S. F. Ry. Tests on tho r.aterial uped are as follov/s: 

TiSTS o:i scH^yr.ziD ??^:vjl fro::. ^:hkrlccz: 



Sample 




iiixture 




Voids 




/■3 


..lixture 


% Voids 


IIo. 




Gravel 


In Grave 
4U^ 


1 




Sand 


In Sand 


1 




12i 








79 










21 


20 


3 




75 




... 






27 





Average 




80 




37 






20 


20 



Void? in Sand and Gravel :.:ixed 28'yj 
-•fixture hes Q'^o Voids not fil^^d l:y 
itp Sand content. 

TiSTS Glv SAJL A:II/ CJIttiVEL IRO:.i nUGi -R 3':ET GO'S PIT: 

1 29 — 71 29 

2 31 — 69 20 

3 15 38 85 35 

25 58 75 25 



AYor?.£e iio 



1 37:, — 62-;:,- 13 

2 37" 35 63 23 
Avera.p-0 37 33 63 21 



iivera-'e Voids oT ?"-: i'en Tits ; 

^ .- :^^ruvel 37 

Sand 22 



if 
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Using wherlook Gry.vol nd Cugar Beet ^it f^and; 
Basis? 27 cu. ft. of £;ravel; 



CuTjIq ? t. Ge:.:e^t 

2.83 (C2,1 of 12.9) 

.28 (lOo exoesp) 
3.11 



Ll U jL -.y . t • tw> «^ ^^ U. 






10 (57," of 27) 
2.5(25;3 of 10) 

7.5(Sai:d li^.l.) 

5.4(20,"^ of 27) 

Sand in Gravel 



Gaulo Ft Gravel 

27.0 
2.5 Grav.in 

Sand . 
29. 5 dotal 

G-rave] 



12.9 Total Sand 



5.11 Cu. yt. 



12.9 Gu. i't. 



29. r> Cu. Ft. 



Ideal Fro'JortionF 



1 Part 



^ 9 iZi -*- c*.i u o 



9n ^'"'T''f'<^ 



I"^- practir*^, v;e iircd one barrel of 0''^::.ent to apvroxirr.ntel;; 
5*5 -'"";rtB of A>^-rrec^ate, r^i\Ci for ever' "'^'^-rrol of Gei.^r.t v/e ;:ot 
E2.1 ft. of "onoret^, thiip it took 1.20 "barrnlp of o^-^'^nt to 
1 ou. yard of oonorete. 



i'anr.ere' Litoh Lin 






The lining; of the Farriers' I-itoh at the conduit out- 
let, required eorr.e 70 ^^arop of unicrete. The form? for the 
side v.-all? v/ere first set up rpo oonorete v.kb du^'ii^ed arnvcnd 
the stalies 'bra3in--: the walls- Then the oonorete \tp turned 
Into the v/all foras and hy the t i?r.e a v;ull v.as filled, the 
concrete e-jXMind the st* her h^d hrruOiied so as to preve-^^t 
f'^e hrpoir-'' for the v.all forn frJ!:, raovinp;. I'lis eohe^iie 



v/ap neceppo.rv oecail^^o the "bot^ioj: v;as sand. 



irie wfli I'jri^s 



were ke^it i\p fro., the ^rrnund the thlckneer of the floor, 
so thst f^s the wtilT \.a- '^illod, one half of the floor v. a? 






arriet^ along and F.,io;)t:-.oa cf^'with the l-iO-. of lli-; {■"•■..>vnl. 
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Plate ZI 
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Plate XIII 
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rrt ."5 ':r:.y ;iit i-i vvy ;.ot ^^':^ ro ii^iro;"^ little tnr.x-- 

the trGudinp- of the oonr^.-rpt^ tcrded to rottl? 'it a;:.plj . I::x 
^rr-:1i::'- the oonorete v.e /'ouiid the ter.t tool tohB a Ft if wire 
brush of the Vi^d \u?p,i in f:treot oleanin^,. llo exi.anGion 



Jointv^ vv^re loft i:. eltiiar \.*-llr o^ f].o .^r. ^nly one \.ell 

r:.arked crr,c> h^s a^^err^^a th-.ip f-jr. Tj rc^v 1 TlQ , (Plate -Xi) 

OPEN CONDUIT 

The open :ondu^:t is w^ome 12,0J0 ft. long, r-Jid 

this feature offered the "best opportunity for developing; 

efficiency in ix gan£; of men. The 5:ang \\u,s orjji'nized as 

fo.llov/p : 

Ore Torojian, f 5.00 

One /.an fed the Llixer, 2.50 

Ine I'an dui:.ped the -Mixer, 2.25 

Three I.len v-^.e-^led dry Ftuff, ,, 6.75 
One "Ian helped load dry ptuff, 2.25 
Six "'en v;h^j'-l^d av,ay concrete , IK .50 
Throe men placed the concrete, 7.50 
Four .Men set ?'or*:'S, 11.50 

Cne Man clerned out dirt, 2.25 

One ::an ran the Engine, 2.50 Total 1 Day. -^SS.SO 

Tho drav/in^^-fPlsite XDwill indicate the gain in efficiency. 

The form setting v;as latorious v-ork owi 'i,^; to the heavy 

liftin.-- of the forms in and out of the ditch. On tho Ilorth 






ii-l\i\t it tr.O six ::\'5r. to lift a Tor.;: .:> t o£ t:i^ 






six to load it on the wagon for movernGnt forvi'ard. The drav; 
ins; (xlateXl II indicates tho r.ethod of 'bracjinc, which v->s 
ri;nple and yet proved to be r^uite sufi'lclsnt. The 2 :c 4 
bracing v.as nred over and over ar:uin an^ ono Pet lasted for 
nearly 7.0G0 ft., when the endr were cut clov/n for th^ noxt 
«,.,„m,>o+ oi^o ,1 F ^ni-ri-j-it. »ind FO ured ov'-^r n:ain. 
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In setting the fonns, a two inch plank, 10 or 12 inches 

Wide was set along the sides, so as to project about four in- 
ches above the top line of the conduit^ Short stakes were 
driven into the banks to support these planks, which were used 
to giwe a fiau backing for the forms, and to give a finished 
back-edge to the concrete^ Then the forms were lifted in 
and set on short pieces of 2 z 4*s, setting edge-wise on the 
bottom^ After the forms were in the ditch, two men handled 
the rest of the work« One man pried the top of the form 
over so that a 2 z 4 could be set edge-wise between the form 
and the banks. Then, by prying up at the bottom or out at 
the top of the foxm the cross braces could be inserted and toe- 
nailed to the foxms. When the two forms were thus fastened 
together, they were brought to line by shifting the bottom 
with a pry. The pieces under the bottom edges were left 
in as the walls were filled. When the forms had been tak- 
en out they were easily loosened, no stakes or pieces being 
left in the concrete. 

In putting in the concrete the sides were filled first. 
All the concrete was put in very wet. In putting in the bot- 
tom, no attempt was made to rod it off. The bottom line of 
the wooden form showed well enough in the concrete to act as 
a guide. The bottom was surfaced with a wire brush and smooth- 
ed off with a trowel. The conduit on the north side of the 
River has no re-inforeement. That on the south side of the 
River, 4,600 feet long, is re-info reed at the bottom angles 
with one-half inch rods set 20 inches apart. Drawing(flate XIII 
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illuBtrates the method of fozxn setting usedL 

The sides of the oonduit required a coat of plaster j a 
1 to 2 mixture beixig used* Owing to the hot^dry atmosphere 

the plaster had to be kept as wet as possible to prevent 
crackings The walls were first sprinkled, then the plas- 

ter was spread, then smoothed by being brushed with a white- 
wash brush dipped in water and later sprinkled prior to its 
settings About the beginrdng of May the plaster dried so 

rapidly that two men were set at work wetting the walls and 
plaster down with a pump and hose, continueilly. 

Every thirty feet' along the opeai oonduit, expeinsion 
joints a half inch widebythree inches deep were made by plac- 
ing a pieoe of fir siding behind the forms as the walls were 
built, and in the bottom as it was built. The specification 

called for the use of steel templates but I found the wooden 
ones to be better. They were kept wet and were removed 

while the concrete was still green. 



CLOSFD COHDIJIT ; *^ 

The foim Betting for the oloeed conduit was 
much easier than that for the open conduit. Here the bottom 
was put In first J the forms were then set on edge, and spread- 
ers put on top and bottom to keep the sides the proper distance 
apart , while pieoes driven edgewise between the earth and the 
fozmj braced the foxms together. Most of the closed conduit 
was put In by hand. A tabulation of the dally progress 

on this work is not giveui because every one thousand feet the 
size of the conduit changed. 

In putting in the top, 2x4 posts supported 2x4 cross 
pieces on which were laid planks. No attempt was made to 

wedge the boards or shim out to prevent cracks^ Instead 
we laid a piece of old tax paper over the space. Nothing 

was nailed and the foixis came out very easily. As a usual 
thing we left them in only twenty four hours. The top form 

was laid in stretches of sixty four feet with four foot open- 
ings between. To fill these openings, covers of the right 
length were made on the bank by filling frames made of 2 x 4*s. 
After the foxms were jremoved these covers were set on and the 
cracks cemented over. The tabulation (Page79) shows the 
spacing of the it inch rod used for re-lnforcing« In the last 
section where the specification called for no rods the first 
piece put in showed signs of cracking. Fxamination showed 
that the boards in the form had bowed up as much as one quar- 
ter of an inch. We closed all the openings underneath the 
foxm, poured cement water into the cracks which had opened up. 
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threw water on the topi and then covered it with a layer of 
8and« We were able in this way to save all the roof* 

Thereafter, we put a half inch rod about every four feet and 
had no further trouble* 

WOODFN STAVF PIPF 

The water is conveyed from the south side to the north 
side of the Arkansais River, through a wooden stave pipe siphon 
laid three feet under the River bed* The bed of this river 

is subject to scour; therefore, the pipe was staked down by 
f6rty foot piles, driven in bents ten feet apart* 

To drive these piles a forty foot derrick was construc- 
ted* No timber was available of large enough size for bed 
pieces or leads; therefore we hewed off four piles for bed 
pieces and built up the leads out of 3 x 8*s* The photo- 
graph indicates the size and design of the driver, which cost 
$480 «00 to construct* I rented a sixteen H. P* ^erican 
Hoisting Engine, which with a fifty foot length of fire hose, 
a forty foot two inch W« I« jet, axui an assortment of sheaves 
and blocks, together with a quantity of li^ Manila Rope made 
up the driving outfit* The hapner used, to begin with, 
was a 1400 lb* hammer with a 16** face* The forty foot piles 
proved to be between 18^ and 20^ at the butts* I had the 
lighx hammer taken to the Beet Factory Repair Shop, and had 
out two 2^ slots across each side of the hammer* In these 
slots were bolted two inch bars of steel so that flat bars 
could be bolted to their projecting ends, thus making the ham- 
mer fit on leads 22" apart. Bolts were put through the flat 
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bars to act as faces for the leads to bear against* It was 
not believed this arrangement would work, but we used it to 
drive over one-third of the piles* A larger and heavier 

hammer of 2500 lbs* weight was finally purchased because of 
the material met with* In connection with the driver we used 

a 2" jet which was supplied by a 6 z 10 z 8 Duplex Snow Pump*^ 
This being inadequate, when we got half way across the river, 
I secured a 4 z 6 z 4 Duplez Snow Pump from the Beet Company^ 
The two p\mps did very well» Steam was supplied by a 50 H. 

P. Erie Locomotive Boiler* 

Temi)orary piles had to be driven to suppoart the driver 
while the pezmanent piles were being driven, since for over 
half the distance, there was considerable water in the river* 
We were afraid to crib up on the river bottom because of 
scouring* The temporary piling increased the cost of driv- 

ing about one- third* 

All the piles went very hard because of a layer of blue 
clay under which was cemented gravel. We first put the jet 

« 

down and were able to penetrate the clay with the jet but we 
could not wash out a hole as one can in sand. When the 
jet struck the gravel it was just as if it had brought up 
against a rock* If the movement of the jet would stop for 
a moment, the jet could not be pulled, out .We would then have 
to uncouple the hose, put on another jet, and jet the first 

one loose* After the first few feet and down to twenty 

» 

three feet when we got through the cemented gravel, it was 

simply a case of pounding the piles down* The drawing 
(PlateXV ) shows the daily rate of progress made* 
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While the driver was putting in the piling we rigged up 

a small derrick and drove sheet piling by team. This was 
slow work and as soon as we finished the piling we turned the 
driver^ oame baok aoross the tops of the piles^ and drove 
with a hoist. In pulling the sheet piling we rigged up a 
gallows frame with two sets of falls^ one for each side of 
the dltch« Holes were bored through the piling and a de- 
vice pinned through the holes. The hook of the block was 
put through the device and a line to a nigger head of the 
hoist easily drew up the piles^ About one half of the 
sheet piling had to be gone over and about one third of the 
boards were split and ruined after one driving, owing to the 
cemented gravel. 

The river work was carried on in three eight hour shifts, 
lights being furnished by a 4i- H. P. gasoline engine belted 
to a small generator. The night work seemed to go on with 
the same measure of rapidity as the day work« 
EXCAVATIONS: 

The excavation for the North Penstock was 16 feet sq. 
The sides were sheathed with three piece sheathing made of 
2 z 10 X 16* plank, with a two inch tongue, nedled with 40 
Py. spikes. The walls were braced by 6 x 6 timbers set 
cross ways and butting against 3 x 12* s set horlssontally. The 
excavation was done by shovel, the water being kept down by 
a 6** centrifugal direct connected pump, which was taxed to its 
capacity. The trench for the wooden stave pipe was a sim- 
ple open sewer trench, the sides being sheathed with three 
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pleoe sheathing^ 12* loiig# Cro88 bracee of ties and tele- 

graph poles were uaedU The water was handled by two 6" cen- 

trifugal pumps* We provided long handled shovels whioh made 
only one staging necessary* Three handlings of the dirt 

put it on a pile well back from the edge of the ditch* As 
much as possible of the dirt was baok-filled by shovel^ the 
balance being wheeled in in barrows* 
CONCRETE PENSTOCK ; 

The plan for the Penstock was not entirely followed as is 
indicated by drawings (Plates XVI toXIX) In making the final 
excavation^ we built an octagon foxm of the size shown in place 
of a round foxm as called for* This was centered in the ex- 
cavation and 4^ tongue and groove sheathing was jetted down 
around the outside of the foim* The interior was then ex- 

cavated to the bottom of the Penstock floor* We had to 

couple a three inch pump driven by a 4 H» P* gasoline engine 
to help the 6" centrifugal keep the water down while making 
this excavation* 

Having cleaned out the hole, we divided it by a bulk- 
head and put the suctions of both the 6" and 3" pumps in one 
side* By having enough concrete mixed up and by depositing 

it quickly, we got in one section of the floor* We then 
stopped the pumps and allowed the water to raise* 

The next day we pumped the pit out and found the conf- 
crete hard. We dug a sump outside the octagon form and 

were able in this way to keep the water down sufficiently to 
get in the other portion of the floor* We used a great 



a hard floor. 
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we next broke out the ootagon fozm on the side where the 
opening of the wooden pipe oame. We then lowered the 2000# 
concrete sleeve and oemented it in place* This sleeve is 

not as shown in the plan, but was made as shown on drawing, 
(PlateXVII) of a cylinder of boiler plate covered by concrete 
inside and outside, each layer of concrete being re-inforced 
by a sheet of expanded metal. 

The sleeve being placed in position so that the center 
line of the sleeve was at the inside line of the penstock, the 
inside and outside forms for the concrete walls were built up. 
The outside form was made by standing 2^ plank on end around 
the inside of the octagon foim; the inside form was made by 
standing S** tongue and groove sheathing around circular tem- 
plates made of 1^ lumber. Concrete was filled up to the 
height of the first 6x6 cross braces, whereupon the work 
was stopped until the concrete had hardened. 3 x 12 plemk 
were then fitted in as shown on drawing ( Flat eXVlll) after 
which the cross braces were taken out and the fozm continued 
up and filled with concrete. 

In making the juncture between the sleeve and the penstocflc 
foim wooden staves were fitted in the inside of the sleeve and 
the ends cut to fit the vertical, inside foim of the penstock • 
This method was rapid and made a very neat looking job. 
WOODEN STAVE PIPE : 

The wooden stave pipe was made of 6'' staves of long leaf 
Southern pine, with 4** oak tongues. The inside diameter is 

42": thickness of staves, 1 5/8". 
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Plate BCIII 
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The writer attended to getting the olaxaps for the bands 
whioh enolrole the pipe every ten Inches^ Finding a high 
prloe was put on these clamps and not liking their oimbersome 
appearance he devised a casting which appears to be the sim- 
plest he has seen yet* The full size drawing (Plate XXII) 
indicates its appearance* The sweep was laid to the out- 
side circle of the pipe and the holes for the bands were drill- 
ed in a chuck so as to line up perfectly* To meet a re- 
quirement that the nuts bear evenly over their whole surface 
the clamps were put in a second chuck and one hole at each 

■ 

end was faced to the proper angle* The rib through the 

center on top takes most of the strain^ while the clamp is 
made narrow enough for the balance to be taken by the sides* 
The bands were shaped by an ordinary blacksmith* s tire bend- 
er^ and no difficulty whatever was found in getting the ends 
of the rods through the holes in the clamps ^ the avoidance of 
this difficulty being urged by most dealers in support of some 
particular clamp* 

To guard against the action of the strong silk all water 
of this region, on the iron^ all iron was specified to be 
coated with an asphalt mixture* We tried asphalt j and a 

mixture of pitch and oil without success^ as the coat crack- 
ed when the iron was tightened^ We finally gave the bands 
two coats of asphalt paint » and when they were in place, swab- 
bed them over with hot pitch* 

In setting the staves the plan of breaking joints as in- 
dicated by drawing (Plate-XXlliwas followed* This method 
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was not in agreement with the writer's idea, and his judgment 

was vindicated by praotioe* The writer wanted to have a 

spiral joint* This wo'ild make it unnecessary to drive a 

stake between the ends of two wet ones*. We found that 

every stave swelled one-quarter of an inch in width. So 

long as the staves remained reasonably dry the method used 

was better because it left only eight feet of un-oompleted 

pipe projecting; whereas the writer's method would have left 

sixteen feet. When the staves were wet, by reason of 

the very frequent stopping of the pump, it woiild take nearly 

eight hours to get in one length of pipe. 

The procedure was to drive in the topmost stave, then 
thread the band over this stave and nail a brace to support 
the end projecting. Then the staves were put in in suc- 

cession, the bands were spaced, and the staves hammered out 
from the inside while the bands were being tightened. 

T^ piling were braced as shown on drawing (Plate XXIV) 
vTith S^' plank to prevent movement. Whenever the piling was 
out of line, we put the horizontal bracing on the inside, 
smd the diagonal bracing on the outside. All the bolts 

were painted two coats of asphalt paint. 
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CHAPTER V 
COST DATA 
In the following tabulation of oosts oliarges of freight 
are not Inoluded. The GoTernment has speolal freight rates, 
owing to land grants, loans, eto», which are figured out at 
Washington and all carrier charges are paid at the Washington ' 
Offices. 

EARTH WORK 
In figuring the cost of earth work the cost of each oper-* 
ation is given separately. The specification provides for 
the removal of sod, building the emhan]anent , settling the 
earth and finishing the grade, payment to he by yard on the 
basis of the barrow pit measarement. Ho comparison with 
competitive figures can be made because the only price bid 
was 25{/ per yard for the rough embankment work only. 
JORTH COHDUIT EMBAMMEHT ; 

Lezigth of North Conduit Embankment 7,000 ft. 

Humber Cubic Yards of Sod Moved, 5,319 

" " " " Earth Moved, 9,939 

" " TT ft If pQy poo-j. Qf Embankment 1.42 

Following Costs include Rental, Superintendency 

and Office Expense. 

Cost per yard, plowing sod .04 

" " " moving ^ .153 

'^ " " " and plowing .19S 
TOTAL COST OF SOD $1026.00 

Cost per yard plowing earth .031 
" " " moving " . .198 
" " " " and plowing .229 

TOTAL COST OF EARTH 2276.00 



SETTLING FILL 
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Cost per foot of embankment .021 

" " yard In terms of yardage moved 
TOTAL COST OF SETTLING 



.01 



$147.00 



EXCAVATIITG EMBAlIKiQi^nT 
Cost per ft. of emlsankment .23 

Cost per yard of embankment 
in texms of yardage moved .106 

TOTAL COST OF EXCAVATIUG EMBAUEffiUT 



1638.00 



FIHISHIHG EMBAMIJEgT 



Cost per yard of emlaankment 

in terms of earth moved 

TOTAL COST FIHISHIHG EMBAHKMEHT 



.049 



TOTAL AMOUUT EXPENDED 



COST PER YARD OF MATERIAL M07ED 



490.00 

$6570.00 

.35 



SOUTH COHDUIT EMBAMBffiHT 



Length of South Conduit Embankment 

Number of Cubio Yards of Sod moved 

" " " " " Earth " by slip 

« i» It n n i» ri It wheeler 

" " •* n n It ^pgj. f^^ Qf embankment 



4,600 Ft. 

4,767 

9,927 

20.000 

6.07 



Following costs include Rental, Superintendency 

and Office Expense Charges. 

SLIP WORK 



Cost per yard plowing sod 
" " " moving " 

" " " " plowing 

TOTAL COST 



.04 
.136 



.176 



839.00 



Cost per yard plowing earth 
" " " moving " 
" " " " and plowing 

TOTAL COST 



.06 
.18 



.24 



2382.00 



WHEELER WORK 



Cost per yard plowing earth 
" " " moving " 
•• •* " " and plowing 

TOTAL COST HVHEGLER WORE 



.06 
.24 



.299 



5997.00 



SETTLIUG FILL 



62 



Cost per foot of embankment .08 

" " yard in terms of material moved 
TOTAL COSI OF SBTTLIITG FILL 



.011 



1350.00 



SXCATATISG AITD FIIISHIHG EMBAHIOBHTS 
Cost per foot of emToankment .195 

Cost per yard of embankment 

in tezms of material moved .03 

TOTAL COST EXCAVATIHG AHD FI5ISHIUG EMBASEif-^irTS 



898.00 



TOTAL AMOUUT EXPENDED ' 

COST PEH TARD OF MTERIAL MOVED 



$10463.00 
.34 



CLOSED COHDUIT BXCAVATIOH 
Length of Closed Conduit Excavation 
Cubic yards of dirt ezoavated by Soraper 

Following costs include Rental, Superintendency 

and Office Expense Charges. 

SCRAPER WORK 



6,500 ft 

2,000 
2,200 



n 



It 



If 
ft 

II 



n 

If 



Cost per yard, plowing 30^ 

scraping SOi;^ 

" & plowing 60af 

foot of ditch .189 

TOTAL COST 

HAID EXCAVATION WORK 



Cost per yard of earth 
" " foot " ditch 
TOTAL COST 



88/ 



.897 



1232.00 



1941.00 



TOTAL AMOUNT EXPENDED $3173.00 



COST PER YARD OF MATERIAL MOVED 



.76 
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CONCRETE WORK 



FARMERS' DITCH LIHIUS 



Htunber of yards of oonorete 70 

« " ttls. " cement 84 

" " " »» to yarda oonorete 1,2 



Cost 


oement $140 .00 


If 


sand 12.00 


n 


hauling 98.00 


ff 


mixing and plaoing 74«00 


If 


ezoay at ing 48 . 00 


ft 


form setting 21.00 


ft 


Rental, Superinten- 




denoy & Offioe £xpen8e20.00 



TOTAL COST $413.00 

Cost per yard of concrete 5.90 

Best price l)id 8.50 

Saving to Goyemment 182.00 

This piece of concrete offered the best opportunity on 
the conduit for using the miztmre, and the price per yard^ 
as compared with the prices which follow, indicates that 
much of the expense of mixing and placing was due to haying 

■ 

to moye the mixer so frequently. 



OPEN CONDUIT 

Length of conduit, 7,000 ft. 

ISumlser of Ytorda of Conorote, 1,200 

" .. If , n n ^ge4 par f^^ of Conduit .171 

" " Bbls. " Cement used 1,6E5 

" " " " " " to 1 yd. " Concrete 1.35 

Cost Cement $3272.00 

" Sand 221.00 

** Hauling 3135.00 

" Mixing & Placing 2227.00 

** Rental, Superintendenoy 

and Office Expense 500.00 

TOTAL 77777777 $9355.00 

Cost per foot of ditch $1.33 

" " yard " concrete $7.79 



FORM SETTING 
Length of Conduit 7,000 ffc. 

Area of Form Set 58,800 sq.Ft. 

Cost Lumber $270.00 

" Labor 613.00 

" Superintendenoy, Rental 

& Office Expense 125.00 
TOTAL $1008.00 

Cost per ft. of Conduit .144 

" " sq. ft. form set .017 

" " yd. of Concrete .84 

EXPANSION JOINTS 

Length of Conduit 7.000 ft. 

" " Joints 2,760 ft. 

Cost of Mixture $27.00 

'» " Labor 66.00 

TOTAL $93.00 93. 00 

Cost per ft. of Joint .04 

" •♦ " " Conduit .013 
" " yd. " Concrete .0775 

Cost of 



PLASTERIHG 

Cost per Bq. ft* plastered .007 

" "ft. of Conduit .069 

" " yd. of Conorete .40 

TOTAI EXPEITDITURB $10936.00 

COST COSGRETE PER YARD, COMPLETE $9. 11 

Best price "bid 8^50 

Loss to Grovemment , per yard .61 

" " " Gross 732,00 

The cause of the high price for this concrete is the 
price paid for Sherlock Screened Gravel, 1050 yards being 
used at $2.50 per yard, plus 15j^ for the gzavel. The coarse- 
ness of this gravel also added to the expense by taking 
more cement. I brou^t this matter to the attention of 
the Engineer prior to the receipt of the gravel. He had 
had a hard time to get cars from the railroad to bring in 
a certain small amount of screened gravel needed at the 
Power House, and decided he could not honestly stop using 
the cars when the small amount was delivered. I estimate 
the Government lost 75^ per yard on 1050 yards of gravel 
or $787.00; also $600.00 on cement, and at least $50.00 on 
plastering. The efficiency with which the work was done - 

approximately $2.00 per yard for mixing and placing - indi- 
cates the high price was due to the cost of the materials 
alone . 



CLOSED COHDUIT 
MACHINE MIXIHG 
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SIDES & BOTTOM 



Length of Conduit 



Ctiblo yards of concrete, 

n n n n p^j. f^Q^ ^f Qondult 

ITtOQ'ber of tbls. of Cement 

" " " " " to 1 yd. Concrete 



3,600 ft. 

600 

.166 
619 
1.03 



Cost Cement 

Sand 

Sand Hauling 

Mixing & Placing 

Equipment (Less Salvage) 

Superintendency, Rental 

& Office Expense 
TOTAL COST 



ft 



IT 



If 



$1238.00 

98.00 

390.00 

1030.00 

75.00 

400.00 



$ 3231.00 



Cost of Mixing and Placing per ft. of Conduit $1.02 

" " yd. " Concrete 5.385 



11 



FORU SETTING 
SIDES & BOTTOM 

Length of Conduit 3,600 ft. 

Area of Forms Set 13,890 sq ft 

Cost of Lumlier $90.00 

" " Labor 301.00 

" •* Rental of Equip- 
ment, Superintendency and 
Office Expense 50.00 
TOTAL $ 441.00 

Cost per sq. ft. of form set .032 

" "ft. of Conduit .122 

" "yd. of Concrete .735 
TOTAL EZPEUDITUEE ^3672 .00 

TOTAL COST COHCRETE PER YARD 6.12 
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Best "bid on concrete received |8*50 

Saving to the Government § 1378 .00 

Loss to the Government on Open Conduit 13Z.00 

BALAHCE PROFIT TO GOTERICviENT $ 646.00 

This comparison is according to the requirements of 
specification. The quotation $8 .50 did not include the 
expansion Joints* 
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HAHD MIZIHG 
SIDES & BOTTOM 

Length of Conduit 7,000 ft. 

Cubio yards of oonorete, 400 

" n n n p^^ f ^ ^ ^f Condult .10 

ITumter of blsls. of cement 441 

" w n " " to 1 yd. concrete 1.10 



Cost cement $882.00 

" sand 57.00 

" •• hauling 285.00 

" mixing and placing 1140.00 

" equipment (less salyage) 25.00 
" Superintendenoy, Rental 

and Office Expense 200.00 

TOTAL $2589.00 



Cos*. 

11 



•», ■'/ w 



y 



^6.47 



for:.! setting 
sides & bottom 

Length of Conduit 4.000 ft. 

Area of Forms Set 12.680 sq.Ft 

Cost Lumber $120.00 

" Labor 305.00 

" Rental, Superintendenoy, 

& Office Expense 50.00 
TOTAL 475.00 

Cost per sq. ft. of form .038 

" " ft. of Conduit .118 

" " yd. of Concrete $1.18 

TOTAL EXPEIDITUHE $3064.00 

TOTAL COST CONCRETE PER YARD 7.65 

While it is apparent that }^achine lAixing is cheaper 
than Hand I'.ixing, as is shown by the saving in cement to 
start with, the two results are not strictly comparable be- 



cause the cross section of the hand mixed concrete is less 
than that of the machine mixed concrete. Usins l^ie machine c 
on the smaller crosn section would have necessitated more fre- 
quent moving of the machine, which would have increased 
the cost per yard* However, the ahove results show in 

ftivor of Ihe machine. 
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TOP 

Length of Top 7,000 ft. 

Cubio Yards Top 325 

" " " to 1 ft. Conduit .046 

Stunber bbls. Cement 408. 

" " " to 1 yd. concrete 1.26 
(Parposely made very rich) 

Cost Cement #816.00 

" Sand 54.00 

" Sand Hauling 241.00 

" Mixing and Placing 707.00 

" Superintendency, 

Rental &Offioe Exp. 250.00 

TOTAL , #2068.00 

Cost per ft. of Conduit Top .295 

" " yd. of Cono»Bte .1^6.36 

REIHFORCING 

Cost of Steel, cut to length 375.00 

" per foot of Top .054 

" " yard of Concrete $1.15 

FORM SETTIIG 

Length of Top 7,000 ft. 

Area of Forms 22,430 sq.ft 

Cost of Lumber $60.00 

" of Labor 430.00 

" Rental, Super inten- 
denoy,& Office Expense 100.00 
TOTAL I 690.00 

Cost per sq. ft. of form .03 

" ft. of top .098 
" " yd. of concrete #2.43 
TOTAL EXPENDITURE OH TOP #3133.00 

TOTAL COST OF TOP, PER YARD 9 .94 

TOTAL EXPEUDITURB CLOSED COHDUIT #9879 .00 

Averaging Machine smd Hand Mixed Concrete in 
sides and bottom, and top, per yard, for pur- 
poses of comparison #7.46 
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WOODEH STAVE PIPE 
ROUUD PILING 

Cost of Piles $1041.00 

" " Unloading and Hanling 104.00 

Proportionate Cost of Driver 240.00 

Cost of Labor 975.00 

" " Coal 1S2.00 
Proportionate cost of Equipment 500.00 
Rental, Super intendency and Of- 
fice Expense 250.00 
TOTAL COST $3243.00 

Lineal feet driven 6,610 ft. 

Cost per ft. of piling driven 49^ 

Cost per ft. of pipe line 7.89 

SHEET PILIUG 

DRIVIBG AHD PULLIKG 

Cost of Piling $450.00 

" Labor of Making 138.00 . 

" Labor Driving 1310.00 

" Equipment 500.00 
" Rental, Superintendency & 

Office Expense 400.00 

TOTAL $£798.00 

Lineal Feet Driven 9,864 ft. 

Cost per lineal foot 28^ 

Cost per sq. ft. ditoh sheathed 28^ 
" "ft. pipe line 6.80 

EXCATATinG AST) BACK FILLOG 

number of yards excavated 1,320 

" " " handled 2.640 



Cost of Labor 


$1503.00 


" •• Pumping and Coal 


350.00 


" " Equipment 


450.00 


" " Rental, Superintendency 




and Office Expense 


400.00 


" - Electric Lights 


200.00 



TOTAL $2903.00 
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Cost per yard excavated $1«10 

" " foot of pipe line 7.06 



C05CRETB PENSTOCK 
Hum'ber of oubic yards of conorete 26*4 



ft ft 



fi 



If 



Cost of Cement $80.00 

" " Gravel 65.00 

" " Lumber Forms 30.00 

" " Labor Forms 60*00 

" Pumping 15.00 
Labor » mixing and placing 

of conorete 127*00 

Equipment 50*00 
Rental , Superintendency 

and Office Expense 50.00 

TOTAL $ 505.34 

COST PER YARD OF COSCRETE 19.78 

This cost is not unreasonable considering the nature of 

the work. The price includes the cost of making and setting 

the concrete sleeve. 

WOODEH STAVE PIPE 



Cost 


of staves 


$420*00 


If 


tf 


Lumber for Pile Bracing 


526*00 


n 


fl 


Bands » Asphalted 


288*00 


rt 


It 


Clamps " 


62.00 


ft 


ft 


Bolts, 


75*00 


fl 


Tf 


Labor, Laying Pipe 


321.00 


n 


fl 


" Bracing Piling 


120*00 


fl 


fl 


Pumping 


150.00 


Tf 


If 


Equipment 


400.00 


Tf 


fl 


Rental, Superintendency 


and 






Office Expense 


200.00 



TOTAL ♦ 2561.00 

COST PER FOOT OF PIPE 6.24 
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SUMMARY 

EARTH WORK 

HORTH COIDUIT 

Cost per yard of material noved 35^ 

TOTAL AMOUNT EXPEITDED $ 5570 .00 



SOUTH COHDUIT 

Cost per yard of material moyed 34j^ 

TOTAL AMOUNT EXPEEDED 10463. 00 

CLOSED COUDUIT 

Cost per yard of material moved 76j^ 

TOTAL AMOUNT EXPENDED 3173.00 

CONCRETE WORK 

gARMER'S DITCH 

Cost per yard of oonorete |5.90 

TOTAL AMOUNT EXPENDED 413.00 

OPEN CONDUIT 

Cost per yard of oondait 9. II 

TOTAL AMOUNT EXPENDED 10936 .00 

CLOSED CONDUIT Machine Mixed 

Cost per yard of oonduit*... 6.12 

TOTAL AMOUNT EXPENDED 3672.00 

CLOSED CONDUIT Hand Mixed 

Cost per yard of oonduit 7,65 

TOTAL AMOUNT EXPENDED 3064.00 

CLOSED CONDUIT TOP Hand Mixed 

Cost per yard of top 9.94 

TOTAIi AMOUNT EXPENDED 3133.00 

TTOODEN STAVE PIPE 

CONCRETE PENSTOCK 

Cost per yard of concrete 19.78 

TOTAL AMOUNT EXPENDED 505.00 



TOTAL $409E9.00 
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SUl/IMARY — C nt inue d . 



TOTAL. AMOUUT FORWAIO) $40929 .00 

COST PER FOOT OF WOODEN STAVE PIPE 

Round Piling ^7.89 

Sheet Piling 6^80 

Excavation 7.06 

Laying Pipe and Bracing Piles 6.24 

TOTAL ^27.99 
TOTAL AMOUHT EXPEHDED 11505.00 



TOTAL AMOUNT EXPEITDED 

on the above listed 

Features, up to 

May Sist. 1907, $52434.00 
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CHAPTER VI 
Stumnarlzing my ezperlenoe on tills sample of management 
of work for the Government » I have been most impressed "by the 
way one is handicapped in trying to do work quickly. It is 
not to be wondered that Contractors charge such a premium for 
undertaking Goyemment work, and the reason is not far to seek 
why so many Contractors on Government work. fail. If the 
Government only realized how it conducts its work, and the way 
it delays complying promptly with the provisions of its own 
contracts, thus causing contractors to increase their rates 
as the only measure of self-protection left them, it is cer- 
tain that many practices on the part of the Government would 
be changed. Consider, for example, the delay on the part of 
the Government in approving contracts made by its officers; 
take, for instance, the writer's own case — when the contract 
which he signed on October 2d war not approved until January 
16th — and on which the first monthly payment, as provided 
by the contract, was not made until February 1st, by which time 
one third of this work was completed. Again — the writer 
rented a certain hoist, saving, thereby, some $350.00 to the 
Government, on December 28th, 1908. The hoist is still in use 
(3Iay 31st) yet the owner has not received a cent of rent which 
the contract provided he should receive, monthly. The time 

has expired when this hoist was to be returned. If payment 
is delayed much longer, the owner will become exasperated;/ the 
hoist will have to be returned at once, when two weeks' more 

time will finish the work; and thus the Government will lose 
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in freight oharges in getting another hoist (not to mention 
loBt time) all the writer gained to start with. Every contract 
is delayed in this way. The Sovernment should promptly ap- 
prove or disapprove contracts made hy its agents. The wri- 
ter recently brought the fact of this unfailing and unreason- 
ahle delay to the attention of the Director of the Reclamation 
Service; he was exceedingly surprised, and, after looking into 
the facts, from our office records, he declared he should in- 
vestigate the cause upon his return to 'Washington. 

Uext to the delay is the cumhersome formality required, 
ITo short cuts are possible. You are prescribed, for instance, 
how you shall keep costs by the set provisions of a circular 
sent to all the Projects^ The circular might fit one Pro- 
ject, but it certainly did not fit this one, as the writer 
indicated in the first chapter, in describing the method of 
cost keeping used. You could not purchase goods if you saw 
a bargain except by breaking a dozen rules. More latitude 
should be given an Engineer in making purchases of less than 
$500.00. 

CHMGES IH THE PLMS 

There is one general change 1 should make in ihe whole 
set. I should never hand a contractor a set of plans drawn 
to a scale of feet and tenths of feet. Plans to work from 

should be in feet and inches so that a foreman could interpret 

them and get his dimensions with a two foot rule. Lumber 

is not cut in tenths of feet; consequently no dimensions for 
forms except those in full feet could be gotten by using lum- 
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l)er of ooxntneroial size. 

From the experience gained I should make the following 
spec if Ic ohaziges in the plans if they were to he used on another 
similar piece of work. 1 should keep from these or any plans 
all phrases and sentences as the following: 

**A11 emhankments shall be made at such times, in such 
manner, and of such material as the engineer may direct; and 
under the bottom and side slopes of the conduit the embankment 
shall be well wetted, rolled and tamped until compacted to the 
satisfaction of the engineer*^. 

How, that is a pernicious statement, because there are 
no qualifications as to where the earth is to be obtained; 
when the work is to be done; or why it should be stopped; and 
because it definitely, in another section, states that a bidder 
must Tisit the premises prior to bidding, and that the Govern- 
ment is not to be bound by any Information or instruction re- 
oeiyed from the engineer or his assistants. Thus a bidder 
must proTlde for all the contingencies suggested by such state- 
ments. I should state in the plans where the dirt was to 
come from; I should state what manner of doing the work would 
not be allowed, and what material would not be accepted. The 
only manner I should have excepted is by an elevating grader; 
the only materials I should have excluded are rock, sod and 
vegetable matter. The specification farther excludes work 
in freezing weather, which is a foolish stipulation for this 

region, as if I had followed this condition, the work would 
have been delayed a month. By breaking the frost each day 
we managed to continue work, for, by so doing, the frost had 
no chance to go deep. A day's warmth took the frost out of 



* 
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the iTiinps in the fill — whereas a sheet of frost would hold* 

We put the dirt in in layers — hut we did not "roll, wet or 

tamp it". In !he writer's opinion, it is not sensible to 

write a speoifioation that you would not follow yourself. 

The plans abound in phrases unfair to both Goyermnent and 

contractor, alike. Another follows: 

''The sod shall be removed and placed where directed by 
the Engineer — and, if found suitable as a top dressing on the 
slopes of the embankments, it may be used as such^j 

or It may not; though whether it is or not does not depend 
on whether it is suitable or not. It depends , ft cm the word- 
ing^ simply on the whim of the engineer. As a matter of 
fact, we never thought of using eod. Instead, when the banks 
were put up, I had a portion of the black dirt saved, which 
was scooped up when the banks were finished and used as a top 
dressing. 

In drsBTing up a specification, particularly a specifica- 
tion for Grovemment work, I should take particular car^ to state 
what I should not allow, and I should leave as little as possi- 
ble "to the satisfection of the engineer''. A contractor has 
no recourse in law against the Government, or the Government's 
agents. Every effort should be made to put reliable data in 
the hands of the contractor. It should be the engineer's bus- 
iness to inform himselct before work is let, as to what is to be 
done after the work is let; he should then impart, and be res- 
ponsible for imparting in writing, his decisions to responsible 
bidders, in answer to their inquiries, to enable the bidders 

to estimate honestly for their own, as well as the Government's 



it! 
m 

St 



?] 



Interest 8 « The engineer should draw his plans and specifica- 
tions exactly as he would want them for his own guidance if he 
were to do the work himself for his Government. 
EARTH WORE : 

I should give the tops of t he hanks supporting the op- 
en conduit a slope towardf^ the ditch» and not make them, as pro- 
vided by the plans , level • I had this plan followed after 
we had completed finishing the first three thousand feet of 
the Sorth Conduit » because we found that the rain did not have 
such a good opportunity to gully the slopes* 

I should have the specification call for seeding the 
banks as rapidly as they were finished, with seed of some such 
growth as Bermuda Grass, to prevent the winds of this region — 
and the rains — causing waste. 
COBCRETE WORK : 

There is one general change I should make. Drawing 
my plans to a scale in inches, I should chose dimensions so that 
the stock widths of lumber could be used in the forms. We 
simply did not attempt to strictly follow the conduit dimen- 
sions. The following tabulation of dimensions, taken from 
the plans, shows why it would have been impracticable to do so: 
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TABLE OF DIMEUSIOHS 
CLOSED CONDUIT 
STA. to STA. IHSIDB DIIJENSIOSS OUTSIDE DIMENSIONS ^" ROD SPACE 



12 2.0' X 1.35' 2.5' x 1.35' & 7" 

12 20 2.6' X 1.65' 2.6'& 8" x 1.65' & 8" 20" 

20 30 2.9' X 1.8' 2.9'& 8" x 1.8' & 9" 18" 

30 40 3.3' X 2.0' 3.3'4i 8" x 2.0' & 10" 16" 

40 50 3.6' X 2.15' 3.6'& 8" x 2.15'& 10" 14" 

60 60 3.9' X 2.3' 3.9'&lO" x 2.3' & 10" 12" 

60 69 & 27 4,1' X 2.4' 5.1' x 2.4' & 10" 12" 



70 & 7 


80 


60 


90 


90 


100 


100 


ISO 


ISO 


200 



OPEN CONDUIT 

3,2' 20" 

3.3' 20" 

3.4' 20" 

3.65' 
4.20' 

In ihe open conduit » in changing from 3.65' to 3.2 (Im- 
agine getting a conduit side wall form to a hundredtli of a 
foot) we took off a 12" "board and put on an 8" "board, in- 
stead. But it must "be remembered that if a contractor had 
had this work, he would hare charged the Goyemment on the 
basis that he might have to abide hy the plans to the letter. 
Undouhtedly he would haye neglected to make his forms closer 
to 3.65' than 3' 8". 
FARMERS ' DITCH: 



i^^M»«^ 



I should have planned the opening into the Farmers' Ditch 
as indicated in red on Drawing( Plate XI ) . The water would 
be spread out, the velooity decreased, and there would be less 
wash than I think there will be tinder the present design. 

OPEH COHDUIT: 



The plans call for an expansion joint "filled with a mix- 



Plate XZV 
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ture consisting of 25% asphalt, 25^ roofing tar, and 50?S 
sand". In plaoe of this, I should use a caulked Joint 
filled with oalcom soaked in hot pitch. 
WOODEU STAVE PIPE; 

I should have provided a concrete cover for the Penstock 
openings, as indicated in red on Drawing. (Plate XVII) i 
should also have provided slots in the walls of the open con- 
duit sloping forward from the upper edge of the Penstock here 
wher it meets the open conduit. Into these slots, grates 
could he slipped where the water was not running so as to 
prevent tumhle weeds from filling the penstock* I stroke 
of this at the time the open conduit was finished. Sow^ after 
two weeks, there is a wagon load of water-soaked weeds in 
there already. 

Attention is drawn to a comparison between the drawings, 
(Plates XVI) and (XVII ) ifdiich indicates the change in the 
plan of the concrete Penstocks. ITziless a particular shape 
is necessary, care should he taken in designing concrete to 
provide for as much simplicity as possible in the forms. 
Hound shapes should be avoided, as they are expensive. It 
should be remembered in this particular case that the whole 
penstock is covered with dirt, so nothing would be gained by 
appearances. The writer believes the expense of the forms as 

called for would have been over double the cost of the form 

as used. 

The plans for the pile bracing provides that the lower 
horizontal bracing be a foot lower than shown on Drawing, 
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(Plate HIV) This would have necessitated a foot addition- 
al digging in the sand over the hottom of the whole trenoh. 
We raised the hracing a foot as shown — the lower edge be- 
ing on a line with the outside bottom of the Wooden Stave 
Pipe. 

I should have left out the diagonal pile bracing. In 
the writer's opinion, it is unnecessazy, as no pressure at 
right angles to the direction of the current will ever come on 
the piles. This would save about one third of the pile 
bracing cost. 

I should change the specification relating to piling 

reading as follows: 

"They shall be driven vertically by means of a hydraulic 
Jet to a depth of forty feef*. 

I should word it 

"Piles shall be driven vertically to a depth of forty 
feet, or to a refusal, or until the driving begins to crack 
the pile, as instructed by the engineer's assistant; payment 
to be per foot for piles in place." 

As a matter of fact, there is not a forty foot pile in 
the river; they were driven in accordance with the above word- 
ed specification, because it wap impossible to drive them "to 
a depth of forty feet% and the portion above grade cut off. 

In the handling of the work I could think of but one im- 
portant change I could make. In building the grade for the 

* 

South Side Open Conduit, I should have built the grade solid; 
with no ditch. Then I should have taken one horse slips 
and should have pulled the dirt from the ditch each way to 
fill up the gaps left by which the wheelers got up onto the 
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grade. This would have done away with tiie long runs of t he 
wheelers in finishing the grade » and would have deereased the 
00 st of the fill per yard very materially. 
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